Coronary arterial potassium (K + ) infusion induces RS-T elevation and ventricular arrhythmias. To explore electrical and metabolic events in this model, which simulates ischemia-induced injury currents and rhythm disturbances, isotonic KC1 was infused at 0.5-2.0 ml/min into the left anterior descending or the left circumflex coronary artery of 37 intact anesthetized dogs. Conduction was monitored with His and left bundle branch recording catheters and with bipolar electrodes at endocardial and epicardial levels in the perfused zone. RS-T segments rose progressively in the perfused region despite normal coronary blood flow ( 8r 'Kr); some dogs progressed rapidly to multifocal ventricular extrasystoles and ventricular fibrillation (group 1), but others continued for 20 minutes without developing fibrillation (group 2). His-Q and bundle branch conduction times were not altered by regional perfusion, but the QRS complex was locally prolonged. Ventricular extrasystoles were frequently coupled and left bundle branch depolarizations never preceded them, suggesting origin within the myocardium. Intramural electrodes showed increasing delay in the perfused region; epicardial depression was uniformly more profound and preceded significant arrhythmias, often with 2:1 or higher intramural block and slowing sufficient to allow reentry. Epicardial activation preceding endocardial activation was observed during extrasystoles in the perfused zone, further indicating origin within the myocardium. These phenomena were associated with tissue concentrations of K + in the outer wall significantly higher than those in the inner wall; and sodium was also significantly elevated. Therefore, it was postulated that reentry from depressed epicardial layers into more normal surrounding tissue constitutes a possible basis for the arrythmias in this model.
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maintained with a mechanical respirator. Surgical cutdown of the neck, axilla, and groin exposed the jugular, carotid, axillary, and femoral vessels for catheterization.
Several aspects of regional hyperkalemia were evaluated, including ventricular function, specialized fiber activation, coronary blood flow, transmural electrogram changes, ventricular pacing thresholds, and myocardial ion distributions. Each dog was included in at least one phase of these investigations. To monitor hemodynamics a saline-filled 8F Goodale-Lubin catheter was fluoroscopically placed in the left ventricle from the axilla and connected to a Statham P23Gb pressure gauge, the electrical output of which was displayed and recorded on an Electronics-for-Medicine DR8 photographic recorder along with a continuously recorded electrocardiogram (ECG). Left ventricular dP/dt was obtained by resistance-capacitance differentiation of the pressure pulse.
Another 8F Goodale-Lubin catheter was advanced via a jugular vein into the great cardiac vein for coronary venous K + sampling and connected to a saline drip. An aortic catheter allowed monitoring of systemic arterial blood pressure.
A 7F Sones catheter was placed in the first 1.5 cm of the left anterior descending (LAD) coronary artery in 29 dogs; it was kept patent by perfusion with 0.5 ml/min of normal saline from an infusion pump. Placement was verified by characteristic T-wave inversion during saline flush, by contrast arteriography, or by both methods. In 8 dogs, the left circumflex (LCF) coronary artery was utilized, either because of size limitations (in our experience, dogs under 22 kg do not tolerate prolonged catheter placement in the LAD coronary artery without ischemia) or inability to enter the LAD coronary artery. When the LCF coronary artery was utilized, the catheter in the great cardiac vein was withdrawn into the main coronary sinus. All 37 dogs were subjected to coronary perfusion with KC1.
For specialized fiber recordings, an electrode catheter of the bipolar Castillo type (Electro-Catheter Corp.) was thermally preshaped in hot water by curving the distal 7 cm into a 2-cm loop; it was then passed via the carotid artery into the region of the right coronary cusp of the aortic valve. The His bundle electrogram is readily obtained from this location (5) (6) (7) . Bipolar recordings with the distal electrode pair were made utilizing a multiple-electrode switch box (Electronics for Medicine), the output of which was led into the a-c input of an ECG preamplifier and recorded on photographic paper at a speed of 200 mm/sec. A second similar electrode catheter was advanced via another artery into the left ventricle and directed anteriorly to record from a branch of the peripheral Purkinje radiation of the left bundle branch (anterior false tendon). Although previous experiments have demonstrated that such an electrode catheter physically touches a free-running conduction fascicle (7) , in some instances the recorded depolarizations might have arisen from a subendocardial portion of the anterior radiation from the left bundle on the septal wall. Impulses were filtered at 40-500 cycles/sec. Recording from the bundle branch has been similarly demon-strated by this technique in the dog (5, 6) and in man (7, 8) . The bipolar bundle branch electrogram from this site was recorded simultaneously with the His bundle electrogram and a peripheral electrocardiographic lead, lead I in the case of LAD coronary artery infusion or lead III during LCF coronary artery infusion. To ensure that a portion of the QRS complex was not isoelectric in that lead, the other two standard leads were recorded sequentially with the intracardiac electrograms.
Recordings from His and bundle branch sites were analyzed in 11 dogs. H-Q (or H-V, the interval from the first rapid deflection of the His bundle complex to the onset of the QRS complex), H-a (the interval from the first rapid deflection of the His bundle complex to the onset of the false tendon complex), and QRS duration were all measured by hand to the nearest 0.1 mm of paper (0.2 msec), taking the average of three representative beats at each measurement period.
Coronary blood flow was determined to be normal in all dogs after placement of the coronary artery catheter by injecting a solution of 85 Kr antegrade into the coronary artery and observing the subsequent washout with a precordial scintillation counter. Coronary blood flow (CBF) was calculated by the relation CBF = (0,693 X 100)/ti A , where t w is the time in minutes required for decline of radioactivity to one-half of its initial value. Coronary blood flow was measured sequentially in seven dogs during K + infusion into the LAD coronary artery by retrograde 85 Kr injection through the catheter high in the great cardiac vein (9) . Antegrade and retrograde flow techniques have been shown in this laboratory to yield similar values.
To implant intramural electrodes, a left thoracotomy and a pericardiotomy were performed after anesthesia, and the heart was suspended in a pericardial cradle in 15 dogs. Bipolar electrodes (10, 11) made of Tefloncoated stainless steel wire with their tips formed into small hooks (outside coated diameter 0.007 inches, Medwire Corp.) were inserted into the endocardium and the epicardium of the left ventricular wall within the region perfused by the LAD or the LCF coronary artery 2-3 cm from the cardiac apex. The electrode tips were 0.5-2 mm apart after placement, with individual (uncoated) diameters of 0.005 inches. The endocardial and epicardial sets were placed radially in relation to each other, that is, along an imaginary line traversing the free wall perpendicularly. The bipolar wire pairs were led through the multiple-electrode switch box; electrograms were filtered at 0.1-2,000 cycles/sec and recorded at 200 mm/sec and dV/dt of each was also obtained by resistance-capacitance differentiation and recorded. After satisfactory electrode placement, as evidenced by recording of a single sharp deflection usually followed by some RS-T segment displacement, the chest was closed; the dog was allowed to recover until the RS-T injury disappeared from the electrograms, a period of 1-2 hours. During this interval, catheters were placed in the coronary artery and the coronary sinus. Myocardial electrograms were unchanged during isotonic NaCl perfusion of the coronary artery for several hours, indicating that subsequent changes during KC1 perfusion were due to K + alone. Satisfactory epicardial and endocardial recordings throughout perfusion were obtained in 7 dogs. Bipolar epicardial and endocardial pacing thresholds were later determined in 8 dogs at rest and during localized hyperkalemia through these electrodes with a Medtronic model 5737 pacemaker calibrated to deliver impulses of known strength. In 4 dogs, we attempted to induce the repetitive ventricular response phenomenon described by Lown et al. (12) . Utilizing the synchronizing mode of the pacemaker, a twice-diastolic threshold ventricular stimulus was gradually allowed to mount the T wave of the previous normal beat until it failed to produce a propagated response.
In all dogs, blood hematocrit and pH were determined to be normal before study. Duplicate samples of arterial and coronary sinus blood were drawn, control pressures, electrical events, or both were measured, and infusion of isotonic KC1 was begun into the coronary artery at rates of 0.5-2.0 ml/min, depending on the size of the dog. The duration of infusion ranged from 3 to 20 minutes, and the usual infusion rate was 1.0 ml/min or approximately 0.1 fiEq K + /kg setr 1 . Electrical activity and hemodynamics were recorded, and blood samples were taken at increments of 2-4 minutes at first and later at shorter intervals when rhythm disturbances occurred. Since it was our objective to evaluate both the RS-T elevation and the arrhythmic (fibrillatory) states, a 20-minute •nfusion was arbitrarily chosen. Dogs fibrillating before this time were included in group 1, and those reaching the 20-minute limit were included in group 2. In some dogs, the precordial ECG was continuously recorded from the intact chest wall with leads directly over and on both sides lateral to the perfused zone.
Studies were terminated by the development of ventricular fibrillation prior to 20 minutes (28 dogs) or after 20 minutes of RS-T elevation (9 dogs). The hearts in 27 of these dogs were quickly removed by thoracotomy and placed in iced Ringer's solution. A full-thickness segment of free left ventricular wall from the center of the perfused region, taken especially from the plunge electrode area in the operated dogs, was removed and rapidly divided by sharp dissection into inner, middle, and outer thirds of approximately equal thickness, each about 3mm thick and weighing 1-2 g. The three layers were frozen in liquid nitrogen and 
Electrical changes during LAD coronary artery perfusion with K + . A-E consist of a lead 1 ECG (top), a His bundle electrogram (middle), and a left bundle branch electrogram (bottom). A: Control. B and C: RS-T elevation during early infusion. No change in H-Q or H-a. D: Coupled ventricular extrasystoles begin preceded by neither H nor a spikes. E: Trigeminy preceding ventricular fibrillation, the latter begun by an R-on-T premature beat. H = His bundle depolarization; a = anterior false tendon (bundle branch) depolarization. Paper speed 200 mm/sec, time lines 1/sec.
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Control
Prior to fibrillation *DifTerence between endocardial and epicardial Q-T o shortening was also significant at the 5% level. fTwo dogs showed major increases with epicardial activation during endocardial repolarizatioa; five others had smaller increases. stored at -20 °C for subsequent analysis of K + and sodium (Na + ) (13) content. Tissue water was determined by weight differences before and after oven drying of a tissue homogenate overnight at 110°C. In 6 normal control dogs, myocardial water and electrolyte composition were determined for comparison.
Statistical analyses were performed by computer using standard techniques for small samples. Mean values for different groups were compared using Student's unpaired i-test; means of differences in the same dogs were treated by paired t-testing.
Results
As noted by prior investigators (14-16), intracoronary perfusion with KCl led to the development of RS-T segment elevation, usually within 1 minute of perfusion ( Fig. 1 ). In Figure 1A , B, and C, RS-T segment elevation was progressive, but the rhythm was sinus. H-Q, H-a, and QRS intervals remained unchanged from controls in 11 experiments (Table  1 ). Figure ID demonstrates the onset of arrhythmia, in this instance initially manifested by coupled ventricular extrasystoles occurring in a bigeminal pattern. Shortly thereafter, in E, trigeminy began. Ventricular premature beats were never preceded by either His or bundle branch depolarizations. In many instances, the ectopic complexes were irregular in rhythm and did not show uniform morphology; in all instances, ventricular arrhythmias tended to degenerate rapidly into ventricular fibrillation, as seen at the end of Figure IE . In precordial leads, the most abnormal electrocardiographic changes were observed directly over the perfused region. Figure 2 shows the marked degree of RS-T elevation recorded in the precordium. In addition, the peak of the R wave in the central lead became delayed during infusion, indicating a local conduction delay not seen over nonperfused zones.
Plunge electrodes inserted at epicardial and endocardial levels in the K + -perfused regions demonstrated characteristic changes in seven experiments. Numerical data are given in Table 1 . In Figure 3 Precordial electrocardiograms during local KCl infusion, demonstrating conduction prolongation in the perfused region. Three V leads were used to record from right, central [over LAD coronary artery region), and left precordium. A: RS-T elevation over perfused region. Note that the peak of the R wave in the LAD precordial lead is synchronous with the nadir of the S wave in the right precordium. B: RS-T elevation is marked 2 minutes later. Reciprocal RS-T depression is present in the right precordium with some RS-T elevation in the left precordium. The peak of the R wave in the LAD coronary artery area is now obviously delayed in comparison with the right precordial S wave. Paper speed 100 mm/sec, time lines l/sec. Circulation Research, Vol. XXX1U, November 1973 K + CONDUCTION DELAY AND ARRHYTHMIAS 525 deflections at both myocardial levels. As perfusion progressed, the deflections diminished in absolute voltage at the same time that the maximum dV/dt and the Q-T c (observed Q-T interval/V R-R interval) interval decreased. Most importantly the onset of ventricular extrasystoles was always accompanied by pronounced slurring of both endocardial and epicardial complexes. As shown in Figure 3E , endocardial-epicardial block preceded the onset of extrasystoles, with sections of records showing overt 2:1 or higher block between inner and outer wall. In Figures 3E, 4 , and 5, slowing became so severe that epicardial regions were activated at a time when endocardial or adjacent nonperfused regions were approaching the end of their refractory periods. An epicardial impulse so delayed might have been conducted via adjacent (nonperfused) areas already repolarized to reactivate other adjacent and inner regions in a reentrant fashion. It is never possible to ascertain from electrograms whether the specific region impaled is actually responsible for reentry or whether the reentrant zone lies in another portion of the perfused myocardium. We believe, however, that in the most severely hyperkalemic regions the electrograms are the most severely depressed (flat), thus preventing observation of actual reentry.
After fibrillation began in Figure 4 , the remainder of the ventricle fibrillated while the epicardial region continued first in asystole, then depolarized in a slow, regular fashion. In every experiment, epicardial slurring was more prominent than endocardial slurring at the time arrhythmias began and endocardial-epicardial conduction delay was evident. We did not observe degeneration of the epicardial potential into fibrillation, as was seen by Waldo and co-workers (17) following experimental acute myocardial infarction. In all of our studies, the epicardial electrogram was either flat or demonstrated slow activity immediately preceding and following ventricular fibrillation. This phenomenon was probably induced by the severe local hyperkalemia, the effects of which may differ from those of local ischemia.
If reentry occurs from slow-conducting outer layers, the initial electrical activation sequence of an induced extrasystole should travel toward the endocardium within or near the reentrant zone. Since the spread of activation is rapid in the endocardial Purkinje network, the remainder of the ventricle should then be activated in a normal (outward) direction after the Purkinje fibers subjacent to the reentrant zone are activated. Thus, reversal of the normal endocardial-to-epicardial activation might be expected in a limited region. Due to the intense slurring of electrograms in the center of the perfused zone and the improbability of impaling the reentrant zone itself, which may be of limited dimensions, such reversal was not often demonstrated. However, sequences were occasionally recorded from regions presumed to border 
Epicardial and endocardial electrograms from the perfused region. A: Controls, showing dV/dt. B-D: RS-T elevation in lead I. Reduction in height of electrograms with reduction in maximum dV/dt. E: Onset of ventricular extrasystoles. Although lead I shows little change, slurring of electrograms is apparent. Delay from endocardial (ENDO) to epicardial (EPI) activation is accentuated with epicardial activation occurring during the T wave of the remainder of the heart. Additionally, the Q-T interval has shortened in comparison with control (rate unchanged). Only the first, third, sixth, seventh, eighth, and tenth beats result in epicardial activation. When the epicardium is allowed to recover (pause between third and sixth conducted beats), the conduction time from inner to outer wall shortens. Paper speed 200 mm/sec, time lines 1/sec. Circulation Research, Vol. XXXIII, November 1973
FIGURE 4
Top: Onset of ventricular tachyarrhythmia several seconds after Figure 3E 
. Severe intramural block is present. When 1:1 conduction does occur at this heart rate, some of the epicardial (EPI) depolarizations are especially slurred. When tachyarrhythmia begins, the epicardial electrogram is an undulating line and may reflect irregular low-voltage activation or asystole. Bottom: Three seconds later. Ventricular fibrillation has begun and is reflected in the lead I ECG and in the endocardial (ENDO) potentials. Epicardium appears not to participate in fibrillation but instead depolarizes slowly. Epicardial depolarizations are probably conducted from deeper layers, but their origin cannot be determined with certainty. Paper speed 200 mm/sec, time lines 1/sec.
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FIGURE 5
A second example of marked epicardial conduction depression and delay accompanying tachyarrhythmia. A: Control. B: Early during perfusion of the LAD coronary artery with K + . C: Continuous strip of 16 conducted beats preceding ventricular tachycardia. The onset of epicardial (EPI) depolarization with reference to endocardial (ENDO) depolarization is indicated in every fourth beat. Note the progressive epicardial voltage depression and Q-T interval shortening. Arrhythmia arises only when epicardial delay is sufficient to allow reentry. Paper speed 200 mm/sec, time lines 1/sec. on the reentrant zone, indicating transmural activation in reversed order during extrasystoles (Fig. 6 ). Figure 6C shows two sequences of coupled extrasystoles in which the direction of activation of the extra beats in the recorded zone was reversed.
In these examples, epicardial activation corresponds temporally to the very beginning of the extra beat as recorded in the peripheral ECG. For such a sequence to occur, the extrasystoles must have originated within the myocardium. It should be noted that directionality in these electrograms (positivity or negativity of complexes) is an inconstant arbiter of the direction of depolarization and may change spontaneously during recording; the reasons for this effect are not always evident. The timing sequence of the spikes, however, remains constant unless it is altered by an intervention.
In eight studies, thresholds for ventricular pacing at rates 5-10 beats/min in excess of the intrinsic rate were determined at endocardial and epicardial levels within the perfused zone. In one dog, a progressive increase in pacing threshold was evident at both levels during perfusion. In the others, no early changes could be demonstrated. Because the prefibrillatory period (marked by severe epicardial slowing) was of short duration, pacing thresholds were not regularly measured during it, but in two dogs, increased endocardial and epicardial thresholds for pacing were observed. These results differ somewhat from those of Logic (16) , who noted a biphasic responsiveness with an initial decrease and then an increase in threshold as hyperkalemia progressed during a short rather than a sustained infusion.
No hemodynamic changes accompanied coronary K + perfusion. Coronary blood flow was greater than 69 ml/min 100 g-1 of myocardium at rest in all dogs studied: mean flow was 114 ± 13 ml/min 100 g" 1 .
During the first and second 10 minutes of infusion, flow was 123 ± 18 and 144 ± 25 ml/min 100 g~\ respectively. Mean changes were not significant, although several individual dogs showed increases. Left ventricular and aortic pressures and maximum left ventricular dP/dt were unchanged in every experiment up to the time of arrhythmia.
CONDUCTION DELAY AND ARRHYTHMIAS
527
Coronary sinus K + concentration increased gradually up to the time of fibrillation. In the nonfibrillating group, it tended to reach a plateau level. Systemic plasma K + did not change significantly. In group 1, arterial K + at terminus was 3.8 ± 0.3 mEq/liter compared with 3.7 ± 0.3 mEq/ liter in group 2. Coronary sinus K + in these same dogs was 6.1 ± 0.6 mEq/liter in group 1 and 5.2 ± 0.6 mEq/liter in group 2. These differences were not significant, and considerable overlap was noted. The mean time to fibrillation in group 1 was 10 minutes (range 4 to 17 minutes).
Myocardial water and electrolyte content were determined in 19 dogs from group 1 and 8 from group 2 and were compared with values obtained in 6 normal dogs studied in this laboratory ( Table 2 ). No differences in total tissue water were noted, and all three layers were homogeneous in this regard.
In group 2, following cold-arrest of the heart after 20 minutes of K + infusion, tissue K + content 
Reversal of normal endocardial-epicardial activation during extrasystoles. A: Control. RS-T elevation persisted in the endocardia! electrogram in this instance. B: After 2 minutes of KCl perfusion, RS-T elevation is present in the lead I ECG. The shape of the epicardial (EPI) electrogram has been altered, with lower voltage and a less rapid rise to the peak. C: Onset of coupled ventricular extrasytsoles (second and fourth beats). Epicardial activation precedes endocardial (ENDO) activation during these extrasystoles and coincides with the beginning of the QRS complex of the extra beats. Since endocardial-epicardial conduction delay is not pronounced here, it is hypothesized that the electrodes are not located within the actual region generating these extra beats, the latter probably lying nearby. Paper speed 200 mm/sec. Circulation Research, Vol. XXXlll, November 1973
demonstrated a significant gradient from epicardium to endocardium in the perfused region: epicardial concentrations were higher than endocardial concentrations and higher than normal values in the outer two layers. Na + in the perfused area was also higher than normal in each layer, with the innermost layer showing the most profound change. After the onset of fibrillation in group 1, both the K + and Na + content of all three layers were again elevated in the perfused region, but, although there was a tendency toward epicardialendocardial gradients, differences between layers were not statistically significant.
Discussion
Experimental and clinical myocardial ischemia is associated with monophasic ventricular complexes "in which the descending limb of R is extended by a rounded hump or merges into a declining plateau" (18) in the ECG. Wiggers (18) found that similar monophasic QRS complexes and arrhythmias could be induced by intrapericardial injection or epicardial application of KCl. Although the RS-T elevation induced by K + is not entirely specific-it may be in part duplicated by intracoronary infusion of lithium ion (15)-nevertheless only K + in microequivalent quantities can induce injury currents. Following intracoronary injection of K + , (1) elevation of the RS-T segment occurs in leads overlying the perfused region along with (2) local shortening of the RS-T segment and (3) local prolongation of the QRS complex; (4) ventricular extrasystoles of an unstable variety arise and tend to progress to ventricular fibrillation. Apparent RS-T elevations are attributed both to base-line shift due to resting membrane potential differences between perfused and non-perfused regions (diastolic current of injury) and to differences in the amplitudes of action potentials in the partially depolarized infused region and the surrounding normal tissues. Shortening of the RS-T segment in K + -perfused zones is directly related to a reduced action potential duration, and local conduction prolongation is correlated with a reduced velocity of phase-0 depolarization.
We did not observe changes in the mechanical state of the myocardium as a whole, as judged by the left ventricular pressure indexes. Although measurements of the total ventricle might not detect changes in segmental contractility as noted by Logic and co-workers (14) , the latter investigators determined that extracellular K + concentrations had to be increased more than twofold to cause a Epi, Mid, and Endo refer to outer, middle, and inner thirds of left ventricular wall. P values compare tissue data in treated dogs with the same layer in controls.
•K + , Epi vs. Mid, F < 0.01. tK+, Epi vs. Endo, P < 0.005. JNa+, Epi vs. Endo, 0.05 < P < 0.1.
15% depression of left ventricular contractile force as measured by strain-gauge arches sutured to the perfused region. Our infusion rates were usually half those found by Logic et al. (14) to produce minimum changes in contractility, although they were continued for a longer period, and coronary venous K + was never doubled. We utilized coronary sinus K + as a measure of the degree of extracellular hyperkalemia. Blood from the great cardiac vein showed mean K + increases of 1.5 mEq/liter in group 2 and 2.3 mEq/liter in group 1, and although differences between the two groups were not significant they occurred in a direction compatible with the hypothesis that RS-T changes and arrhythmogenicity are related to the degree of hyperkalemia. Since great cardiac vein blood is a mixed sample from all of the LAD coronary artery perfusion bed, local hyperkalemia might have been greater in some of the specific veins distributed in this area. The specific intramyocardial conduction disturbances preceding arrhythmia in every dog studied with mural electrodes indicated an important role for conduction delay in the genesis of the arrhythmia. Attempts to induce repetitive ventricular responses with pacing stimuli (12) delivered to epicardium or endocardium in the perfused regions were uniformly unsuccessful in five dogs from group 1 during RS-T elevation just before arrhythmia, suggesting that enhanced excitability was not present. Records obtained during and immediately prior to fibrillation invariably demonstrated disproportionate epicardial depression and severe intramyocardial block ( Figs. 3-5 ). The Q-T c interval shortening observed in the perfused region (Figs. 3-6) indicated that both conduction slowing and earlier repolarization within this region might have contributed to the genesis of ventricular extrasystoles. Although a specific reentrant pathway cannot be demonstrated by needle electrode measurements in a three-dimensional conducting medium, the delay of epicardial activation (often to the point of intramyocardial block) was sufficient to allow impulses leaving this delayed region to reenter surrounding more normal areas after repolarization in these normal areas had been concluded. Whether the Purkinje network participates in this process cannot be ascertained, although conduction disturbances in our studies have always been of greatest magnitude in the outer wall where Purkinje fibers are absent in the dog (19, 20) . Recent publications by Wit et al. (21, 22) and Cranefield et al. (23) indicate that severe local conduction slowing with reentry can be demonstrated in the isolated Purkinje tissue-muscle preparation perfused with epinephrine and high concentrations of K + and with increased K + alone. In our studies, in which the large conduction fascicles were not exposed to high concentrations of extracellular K + , the major effects on conduction and arrhythmia production seemed to be predominantly, if not exclusively, intramural. This finding has also been suggested in studies of early ischemia in which the Purkinje activity in the superficial layer of the inner wall is transiently suppressed (24) . Analysis of His bundle and left bundle branch electrograms during regional perfusion did not reveal either prolongation of antegrade conduction (prolonged H-Q) in the His-Purkinje system during normal beats or specialized fiber impulses preceding QRS activity during ectopic beats. This finding supports the view that ectopic beats may arise within the myocardium as a consequence of intramural conduction delay, although the terminal Purkinje system is not evaluated by this technique. Damato et al. (25) analyzed the origins of digitalis-induced ventricular tachycardia by intracardiac specialized fiber recordings. The digitalisinduced arrhythmia appeared to arise from Purkinje tissue, as evidenced by bundle branch depolarizations preceding the QRS complex during tachycardia. In our preparation, even though we were recording from conduction fibers directly subjacent to the perfused myocardium, such activation was not demonstrated in any experiment; however, we could readily induce the Purkinje-originated extrasystoles by catheter impingement on these fibers. This negative evidence is not conclusive but does suggest that the digitalis-induced arrhythmia arises more proximally within the distal conducting system than does the K + -induced arrhythmia.
In the ischemic heart, for which regional hyperkalemia may serve as a model, several electrophysiological alterations exist which may predispose the heart to fibrillation (26) . Among these changes are regional dispersion or asymmetry of refractoriness (27, 28) , regional loss of potassium, other metabolites, or both, and slowing of conduction in the injured region (29) . Scherlag and co-workers (29) were able to-suppress the early arrhythmias following coronary artery ligation with vagal stimulation, suggesting that these early arrhythmias were of reentrant origin. They were also unable to demonstrate specialized fiber depolarization preceding extrasystoles. Recent work by Waldo et al. (17) and by Scherlag et al. (24) indicates that arrhythmias during early ischemia in the dog are of reentrant origin and are associated with marked epicardial conduction delay during the prearrhythmic phase. It has been suggested that such areas of slowed conduction may be responsible for reentry in a manner similar to that observed in the model of local hyperkalemia.
The role of K + liberation from ischemic cells in the development of ventricular arrhythmias during early ischemia was initially suggested by Harris et al. (30, 31) . Progressive myocardial K + loss and Na + gain within the ischemic zone was indicated Circulation Research, Vol. XXXIII, November 1973 by Russell et al. (32) . An earlier investigation from this laboratory indicated that a K + leak from a large ischemic area into the coronary venous effluent preceded the appearance of ectopic activity; treatment with procaine amide was shown to reduce K + egress from the injured area (33) . Ischemia increases extracellular and reduces intracellular K + , thus reducing the intracellular-extracellular ratio. Local K + infusions probably alter this ratio similarly, since the extracellular K + concentration increases (as measured by increased K + concentration in coronary venous plasma) while the intracellular K + concentration is unchanged or only moderately elevated (34, 35) .
We have observed during acute systemic hyperkalemia that K + increments in the left ventricle are uniform from the inner to the outer wall and are associated with uniform conduction delay (unpublished observation). The more pronounced epicardial conduction slowing observed in local hyperkalemia was associated with nonuniform K" 1 " increments in the tissue of group 2. The cardiac muscle samples of this group were taken from the coldarrested heart during a period of ventricular conduction delay before ectopic activity and might be more representative than the tissue taken after the onset of ventricular fibrillation in group 1, in which significant cation gradients were not demonstrable. All of the data obtained from the intramural electrograms were consistent with a K + content in the epicardiurn higher than that in the endocardium, including significantly greater reduction of electrogram voltage, Q-T c interval, and dV/dt max in the outer wall.
However, the mechanism inducing heterogeneous distribution of these cations is unknown. Since myocardial uptake of K + has been observed during catecholamine infusion (36), a local adrenergic mechanism might be responsible for nonuniformity. Small increments in norepinephrine could be made available to the cell from cardiac storage sites during K + infusion, since this cation can accelerate the efflux of the hormone from these stores (37) . In the ischemic animal, a greater degree of hypoxia could not account for the greater epicardial conduction delay, since ischemia is apparently less pronounced in the outer myocardial wall (1, 2) .
It is important to compare the degree of local conduction slowing in the present study with that noted in another group of dogs infused systemically with K + in this laboratory. During systemic infusion, RS-T elevation was never observed and ventricular arrhythmias were rare; most experiments terminated in ventricular asystole after progressive H-Q and QRS delay (unpublished observations). Despite plasma K + levels of greater than 12 mEq/liter just prior to asystole-levels twice those observed in coronary venous plasma in the present investigation-severe conduction slowing from inner to outer wall like that observed during local hyperkalemia was not seen. Myocardial K* increases after systemic hyperkalemia were 10 /iEq/g higher than those observed in group 1 dogs during this study and showed no difference between endocardial or epicardial effects These findings support the view that K + gradients within the myocardium contribute to the severe conduction delay and arrhythmias in this model.
